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STUDIES  IN  AVIAN  HAELUvTOLOGY. 


Purpose  and  Scope  of  the  IVork.  - This  preliminary 
paper  deals  with  the  morphology  and  physiology  of  the  cellular 
elem.ents  of  bird’s  blood.  The  few  investigators  who  have  studied 
the  blood  of  birds  vary  as  to  the  classification  of  the  blood  cells, 
and  indeed  until  a detailed  study  is  m.ade  of  the  developm.ent  of 
these  cells  a classification  cannot  well  be  established.  Before 
such  a study  is  m.ade  a careful  investigation  of  the  histological 
structure  of  these  cells  is  necessary,  and  the  first  part  of  this 
paper  is  concerned  v;ith  morphological  studies  of  the  blood  of 
a particular  species,  Japanese  Silkies.  From  this  study  an  at- 
tempt has  been  m.fule  to  establish  a definite  classification  of  the 
blood  cells.  The  second  part  of  the  paper  deals  with  experiments 
governing . the  physiological  variation  in  the  blood  cells  as  re- 
gards sex,  exercise,  food,  temperature  and  diurnal  changes. 

Objects . - 

(1)  A study  of  the  jtxistological  structure  of 


birds’  blood. 


(2)  The  classification  of  these  cells. 

(3)  Foundation  for  genealogical  study  of  bird’s 

blood  cells. 

(4)  Physiological  variation  in  these  cells. 

(5)  Basis  for  a subsequent  study  of  pathological 


conditions  in  the  blood  of  birds. 
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the classification  of  Leukocytes  of  Birds. 

a .  -Species  of  Birds  Used  (29)  were  Stormy 
petrel,  drumbird,  grey  bird,  chicken, 
crow,  sea  gull,  crane,  snipe,  spider 
bird,  black  bird,  kingfisher,  loon, 
wood  pecker,  goose,  turkey,  duck, 
greebe,  nun  cockatoo,  jackdaw,  c. 
pheasant,  Chinese  goose,  guinea  hen, 
sand  hill  crane,  pigeon,  canary,  blue 
jay,  common  jay,  old  squaw. 

b .  -Classification  of  Leukocytes ; 

I.  Small  Mononuclear. 

II.  Large  Lymphocyte. 

III.  Eosinophiles : 

1.  Containing  granules. 

2.  Containing  spindles. 

IV.  Mast. 


III.  Valker,  F.  L.  Journ.  of  Medical  Research,  Vol. 

8,  1904  - 05. 

Title ; A comparative  Study  of  The  Blood 
Corpuscles  of  Vertebrates. 

Extent  of  Use;  For  a study  of  the . stain- 
qualities  and  classification  of  the  var- 
ious kinds  of  Erythrocytes  in  anim.als, 
especially  those  of  birds. 

Classification  (6  types) 

(a)  Non-nucleated  exyphil  corpuscle 

(staining  qualities) 

(b)  Non-nucleated  amphophil  corpuscle. 

(Staining  qualities) 

(c)  Non-nucleated  basophil  corpuscle. 

(Size  and  staining  qurlities) 
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(d)  Nucleated  oxyphil  corpuscle, 
(description  and  staining  qualities) 

(e)  Nucleated  amphophil  corpuscle, 
(characteristics  and  staining 

qualities ) 

(f)  Nucleated  basophil  corpuscle, 
(size  and  staining  qualities) 

IV.  7/a r thin 

Title : 

Fxtent  of  Use;  Comparative  tables  giving 
percents  of  various  cells  found  in  birds. 

V.  Goodall:  Journ.  of  Pathology  and  Bacteriology, 

Vol  XIV,  1909. 

Title ; The  numbers,  proportions  and 
characters  of  the  red  and  white  corpuscles 
in  certain  animals. 

Extent  of  Use;  (1)  In  the  study  of  classi- 
fication and  percent  of  cells  in  fov/1: 

I.  Polymorphonuclear  Leucocytes  37^ 

II,  Lymphocytes  56^ 

III.  Eosinophiles 

IV.  Basophiles  1% 

(2)  Shape,  size  and  staining  qualities  of 
the  different  cells. 

VI.  Pells,  J.J.  Am.erican  Journ.  of  Physiology.  1915 
Title ; Blood  counts  in  frog,  turtle  and 
12  different  species  of  ’^ammals. 

Ixtent  of  Use:  Read. 

VII.  Schmeisser:  Journ.  of  Ixperim.ental  Eedicinej 
Vol.  XXII,  Dec.  1915. 

Title ; Spontaneous  Experim.ental  Leukemia 
of  the  Fowl. 

Extent  of  Use : To  study  and  compare: 
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(1)  Methods  of  work. 

(2)  Classification  of  Erythrocytes. 

Normocyte . 

(3)  Classification  of  Leucocytesj 

I 

a. -  Polymorphonuclear  leucocytes 

with  eosinophilic  rods. 

(Size,  shape,  staining  qualities) 
of  nucleus  and  protoplasm.. 

b. -  Polymorphonuclear  Leucocytes 

with  eosinophilic  granules. 
(Size,  shape,  staining  qualities 
of  nucleus  and  cytoplasm) 

c. -  Lymphocytes. 

Description . 

d. ~  Large  I'.ononuclear . 

Description. 

e. -  Mast 

(4)  Percentages  of  different  cel]s. 

I.  Polym.orphonuclear  Leucocytes 


(eos.  rods)  29.6 

II.  Polym.orphonuclear  Leucocytes 
(eos.  granules)  4.3 

III.  Lymphocytes  42.3 

IV.  Large  Mononuclear  19.4 

V.  Mast.  2.2 

VI.  Unclassified  2.2 
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lle tho d s of  Investigation . 
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^ Birds . - For  the  1'  miediate  purpose  of  the  investi- 
gation four  Japanese  Silkies,  a species  of  bantam,  tv/o  m.ale, 
two  fem.ale,  were  us  d.  These  birds,  which  were  obtained  from 
the  Massachusetts  Fish  and  Game  Commission  hac?  been  kept  in  the 
laboratory  and  the  animal  house  at  the  ’ vans  Memorial  in  large 
cages  from  December  of  1914  to  August,  1915.  They  v/ere  then 
kept  in  an  out  of  doors  coop  v/ith  a good  3^ard  until  December, 

1915,  when  they  were  again  put  into  the  anim.al  house  for  the 
severe  winter  m.onths . I’he  bantam.s  v/ere  about  a year  and  a half 
old.  During  the  experiment  they  were  kept  in  the  laboratory 
( five  days ) . 

The  birds  used  are  an  extremely  hardy  species  of  ban- 
tam., possessing  long  white  silkjr  feathers.  '!^he  skin,  miucous 
r.em.brane  and  even  the  bones  are  dark  colored.  In  the  m.ales 
th.  v/attles  are  of  a purplish  tinge,  and  are  quite  prominent. 

In  spite  of  the  fact  that  the  flesh  of  these  birds  is  t nder, 
they  are  extrem.ely  resistant  to  dise'  se,  and  are  even  capable 
of  existing  under  conditions  unfavorable  for  other  species.  A 
m.arked  characteristic  is  their  plethoric  condition.  These 
birds  we'-'e  originally  im.ported  from  Japan  whence  the  name,  [fis- ^ 
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FIGUP-E  NO.  2 


^HOTOGRA^H 
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FIGURE  NO.  2 
(Cont) 


PHOTOGRAPH 


JA^ANFSP  SILKIES 


Obtainin,'-;  the  Blood. 


The  blood  was  taken 


froiT'  the  comb  which  v/r. s first  carefully  wiped  and 
cleansed.  One  of  the  lobes  was  quickly  snipx>ed  with 
small  sharp  scissors,  the  com.b  being  held  between 
the  fore  finger  and  thumb  of  the  left  hand.  The  first 
drop  of  blood  v/as  wiped  off.  The  blood  collected  at 
the  point  of  incision  v/as  used  for  the  pr  paration 
o^  two  counting  pipettes,  anc^for  the  making  of  two 
blood  films.  Care  was  taken  to  squeeze  the  com.b, 

A 

or  to  force  the  blood  to  the  cut  area.  If  it  did  not 
flow  freely  a deeper  incision  was  mtade,  or  a second 
lobe  7/as  used.  A com.paratively  small  amount  of  blood 
could  be  used  from  one  incision,  since  the  serum 
of  the  blood  soon  collected  at  the  cut  surface. 

Counting  Blood  Corpuscles . - 

(1)  Pi  luting;  fluid.  - The  diluting 
fluid  used  for  this  v/ork  was  To  is  son's  Fluid. 

Formula . 

Methyl  Violet  5 B 0.025  gm.s. 

Chloride  of  Sodium  1.00  " 

Sulphate  of  " 8.00  " 

Glycerine  30.00  " 

Distilled  ?/ater  160.00  ” 

This  solution  stains  the  leucocytes  a uniform  light 

blue,  and  leaves  the  erythrocytes  unstained.  Acetic 

acid  could  not  be  used  since  it  destroys  the  nuclei 

of  the  erythrocytes. 

(2)  Mixing  Pipette.  - Zeiss  pipettes 
v/ere  used  for  making  the  total  counts  of  erythrocytes 
and  leucocytes.  These  consisted  ch-lefly_of  small 
capillary  tubes,  pointed  at  the  lov/er  end,  and  ex- 


panding into  a bulb.  At  the' u^. per  end  is  attached 
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FIGURE  NO.  3. 


FIXING  PIPETTE. 


a rubber  aspiratorj?-  tube.  Inside  the  glass  bulb  is 
a glass  bead  which  facilitates  mixing  the  blood  and 
diluting  fluid.  The  capillary  tube  bears  the  gradu- 
ations 0.5  and  1.0  and  the  up^'er  end  of  the  bulb  is 
marked  101,  indicating  that  the  capacity  of  the  bulb 
*is  100  times  that  of  the  capillary  tube. 

(3)  Counting  Cham.ber . - The  Tiirck 

(Feg.  H-) 

counting  chai..ber  v;as  used.  This  type  consists  of  a 
heavy  glass  slide  on  v/hich  a square  glass  plate,  with 
a circular  opening  about  10  millim.eters  in  diameter, 
is  cemented.  In  the  center  is  a circular  disc  (8  milli 
m.eters  in  diameter ) forming  a miniature  island  sur- 
rounded as  it  v/ere  by  a moat.  The  upper  surface  of 
this  disc  is  0.1  m.illimeters  lov/er  than  the  surface 
of  the  surrounding  slide,  thus  giving  a uniform  depth 
of  0.1  millim.eters  to  a drop  of  liquid  between  it  and 
a heavy  glass  cover  slip,  supported  on  the  square 
glass  plate.  The  cover  slip  was  m.ade  adherent  to  the 
slide  by  pressure,  and  was  considered  correctly  mount- 
ed when  concentric  rings  (Newton's  Rings)  could  be 
observed.  The  center  of  the  circular  disc's  surface 
was  ruled  into  nine  square  millimeters,  the  square 
millim.eter  in  the  center  being  further  subdivided  into 
16  squares  each  containing  25  small  squares,  a total 
of  400  to  the  square  m.illimeter.  (Fig.  S) 

(4)  Technique  of  Counting.  - The  erythro 
cytes  and  the  leukocytes  were  counted  in  the  som.e 
preparation,  the  latter  being  distinguished  by  their 
selective  affinity  for  the  m.ethyl-violet  stain.  Nat- 
urally such  a differential  count  is  m.ore  tedious  and 
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time  consum.ing  than  is  the  case  with  human  blood, 
where  the  non-nucleated  red  blood  corpuscles  are  de- 
stroyed with  acetic  acid,  such  as  is  impossible 
to  do  with  the  nucleated  corpuscles  of  birds.  For 
the  leucocytes  from  3 to  6 square  millimeters  were 
counted  for  the  erythrocytes  ^ square  millim.eter. 

Two  pipettes  v/ere  taken  at  a time,  and  leucocyte 
and  erythrocyte  counts  from:  each  pipette  viere  checked 
against  one  another,  making  tv^o  to  four  actual 
counts  for  each  record. 

After  the  crest  of  the  comb  had  been  cut 
the  blood  v;as  rapidly  drav/n  into  the  pipette  to  the 
0.5  mark,  and  after  wiping  off  any  excess  bloo^  from 
the  end,  the  pipette  was  thrust  into  the  diluting 
fluid  which  was  drawn  up  to  the  m.ark  101.  During 
this  process  the  pipette  ..as  moved  from  side  to  side 
to  prevent  the  clotting  of  the  blood.  The  thumb 
and  forefinger  were  then  placed  over  the  opposite 
ends  of  the  pipette  which  was  shaken  from  side  to 
side  about  ten  times  to  insure  a thorough  mixture, 
the  dilution  being  1:200. 

V/hen  ready  for  counting  a few  drops  of  the 
diluted  blood  waft  blown  out,  since  the  lov/er  end  of 
the  pipette  naturally  contains  a greater  percent  of 
diluting  fluid,  and  the  end  of  the  pipette  was  wiped. 

A drop  was  then  transferred  from,  the  end  of  the  pipette 
to  the  clean  central  disc  of  the  counting  chamber, 
and  the  cover  slip  pressed  down  until  the  contact 
was  such  as  to  show  Newton's  rings.  The  size  of 
the  drop  is  a matter  of  extreme  im.portance  as  it  m.ust 
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be  such  as  to  cover  the  ruled  area,  yet  not  extend 
beyond  the  edge  of  the  disc  into  the  surrounding 
groove.  Sevei*al  minutes  were  allowed  for  the  settling 
of  the  blood  cells  before  counting. 

(5)  Sources  of  Error.  - The  possible 
errors  in  this  m.ethod  are  m.any,  and  chiefly  center 
in  the  personal  equation.  (1)  The  error  in  enumerat- 
ing the  cells  is  perhaps  the  slightest,  and  in  this 
case  was  offset  by  using  two  persons  for  each  count- 
ing. (2)  The  preparation  of  the  drop  on  the  counting 
chamber  probably  entailed  a greater  error,  depending 
upon  the  skill  of  the  operator.  (3)  The  greatest  op- 
portunity for  error  lies  in  the  taking  of  the  blood, 
an  operation  rendered  difficult  by  the  struggles  of 
the  bird,  the  rapid  clotting  of  the  blood,  and  the 
amount  of  serous  effusion  in  the  cut.  Every  effort 
was  m.ade  to  eliminate  these  sources  of  error  in  as 
far  as  was  possible. 

Differential  Count . - 

(1)  Making  The  Blood  Film..  - One 
end  of  a slide  previously  cleaned  with  water,  alcohol 
and  ether,  was  placed  in  contact  with  the  top  of 
a drop  of  blood  as  it  exuded  from,  the  incision  on 
the  comb.  The  slide  to  which  the  drop  of  blood  was 
thus  transferred  was  then  placed  on  a flat  surface, 
the  end  opposite  the  drop  of  blood  being  held  firmly 
with  the  thum.b  and  forefinger  of  the  left  hand.  The 
drop  of  blood  was  then  spread  along  the  slide  with  the 
edge  of  another  slide  held  at  an  angle  of  about  45 
degrees  with  the  horizontal  slide.  (Fig. 
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( 2 ) Fixing  and  Staining.  - The 
stain  used  fron  which  the  differential  counts  v/ere 
made  was  the  Pappenheim  combination  of  the  May- 
Oriinwald  and  Giem.sa  Stains,  "^o  study  the  granules 
in  the  eosinophiles  however,  this  stain  v/as  un- 
satisfactory, and  a separate  series  of  slides  were 
stained  ’with  thp  Jenner  Stain. 

The  Ivlay-Grd.nv;ald  Stain  consists  of  eosln, 
miethylene  blue  dissolved  in  methyl  alcohol  (acid 
eosin  and  basic  miethylene  blue).  The  Giemsa  Stain 
is  a glycerine  alcoholic  solution  of  Rom.anov;sky 
Stain  (eosln,  methylene  blue,  methyl  azine).  The 
air  dri'  d film  was  fixed  by  imjnersing  in  May-Grilnv/ald 
alcoholic  solution  for  three  m.inutes.  To  stain  the 
film  an  equal  part  of  water  was  added  to  the  stain 
on  the  slide  and  allov/ed  to  remain  one  m.lnute.  After 
pouring  off  any  excess  of  tliis  stain  the  slide  v;as 
then  immersed  in  the  Jenner  solution  for  15  minutes. 
Form.ula  --  15  drops  of  Giemsa 's  "New  Form.ula"  to 

10  cc . of  distilled  v;ater.  (Pappenheim)  The  slides 
were  then  ’washed  in  running  tap  water,  and  allo’wed 
to  dry  in  the  air.  They  were  decolorized  in  absolute 
alcohol,  labelled,  numbered  and  placed  in  a lai-ge 
slide  box  for  study. 

The  second  series  of  slides  were  stained  with 
Jenner  Stain  for  three  m.inutes,  then  washed  in  tap 
water,  air  dried,  labelled,  numbered  and  placed  in 
a separate  slide  box. 

(3)  Differential  Leucocyte  Count.  - The 
relative  proportion  of  the  different  classes  of  white 
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cel]s  was  obtained  by  counting  between  four  and  five 
hundred  cells,  importance  being  placed  upon  the  com.- 
pleteness  of  the  count  across  the  smear,  rather  than 
on  the  exact  number  of  cells  counted. 

The  percentage  of  granular  and  crystalloid 
eosinophiles  was  found  by  counting  two  hundred  of 
these  cells  on  the  Jenner  slides  and  com.puting  the 
percent  of  each  in  terms  of  the  total  percent  of 
eosinophiles  found  on  the  double  stained  slide.  It 
was  necessary  to  use  the  Jenner  slide  to  distinguish 
the  two  kinds  of  granules  in  the  eosinophiles. 

(4)  Differential  Erythrocyte  Count.  - 
The  differential  count  of  these  cells  was  m.ade  by 
counting  1000  cells  from,  different  sections  of  the 
smear. 

(5)  Thrombocytes . - The  number  of 
throm.bocytes  was  determined,  by  counting  a number  of 
fields  and  determ.ining  their  abundance  in  propor- 
tion to  the  red  blood  cells. 
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I'.!o  rpho  1 o i c 0. 1 Studies . 

The  Blood  Cells » 

The  blood  cells  of  birds  can  be  grouped  into 
three  main  classes: 

(1)  Leucocytes. 

(2)  Erythrocytes. 

(3)  Thrombocytes. 

Leucocytes . 

The  total  number  of  leucocytes  varies  be- 
tv/een  20,000  and  50,000,  the  average  being  28,000. 

The  number  varies  with  the  individual  bird.  These 
cells  are  characterized  by  definite  staining  properties 
and  can  be  divided  into  several  groups,  according  to 
their  size,  shape  and  nucleus.  Their  functions  are 


the  sam.e  as  in  human  blcod. 

(1)  Eosinophiles 

(a)  Crystalloid  42.4^ 

(b)  Granular  3.1^ 

( 2 ) L^TTipho cy te  s 37.8^ 

(3)  Monocytes  15.7^ 

(a)  Transitionals . 0.7^ 

(4)  Mast  cells  0.3^ 


100.  OOJ^ 

Eosinophile 

The  eosinophilic  leucocyte  in  birds  takes 
the  place  of  the  polymorphonuclear  leucocyte  of  human 
blood.  The  cell  is  round  v;ith  a diameter  varj'-ing 
from  10  to  13  microns  v;ith  an  averap;e  of  10.50  microns. 
The  nucleus  v/hich  is  bi-lobed  and  stains  a bluish  vio- 
let v/ith  Pappenheim’s  stain  occupies  about  one  third 
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of  the  cell,  usually  about  an  eccentric  position. 
Schmeisser  describes  these  cells  as  polymorphonuclear 
leucocytes  v/ith  eosinophilic  rods  and  granules.  The 
eosinophiles  can  be  readily  divided  according  to  the 
nature  of  the  eosinophilic  bodies  into  (1)  the  crystal 
loid  form,  which  contains  eosinophilic  rods,  and  (2) 
the  granular,  which  has  spherical  granules.  As  is 
brought  out  later  this  type  of  cell  varies  markedly 
with  digestion,  exercise  and  heat,  and  probably  is 
chiefly  concerned  in  the  protection  of  the  body. 

(1)  Crystalloid  Eosinophiles . 

The  rod-shaped  bodies  staining  a bright 
red  v/ith  the  Jenner  stain  closely  fill  that  part  of 
the  cell  not  occupied  by  the  nucleus,  v/hich  is  of 
two  or  more  lobes,  and  slight/ijpyknotic . This  type 
is  greatly  i excess  of  the  granular  eosinophile, 
and  comprises  42.4^  of  the  total  number  of  leukocytes. 

(Fig.  No.  7) 

(2)  Granular  Eosinophile . 

This  type  closely  resembles  the  crystalloid, 
differing  only  in  the  type  of  granules,  and  the 
staining  qualities  of  the  nucleus.  The  granular  bodie 
are  round,  stain  a faint  red,  and  are  relatively 
less  numerous  than  the  crystalloid  granules.  These 
cells  com.prise  3.1^^  of  the  leucocytes. 


(Fig.  No.  7) 


FIGURE  NO.  7. 
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L^’raphoc^^tes « 

The  lymphocytes  are  round  cells  of  variable 
size,  ranging  from  small  (7  microns)  to  large  (11 
microns)  with  an  average  size  of  8.5  microns.  Ar- 
bitrarily a division  into  large  and  small  lymphocytes 
according  to  siz-^  might  be  made.  With  the  Pappenheim 
stain  the  nucleus  stains  a dark  purplish  blue,  and 
the  cytoplasm  usually  slight  in  amount,  forming  a 
faint  ring  around  the  nucleus  of  pale  blue.  There 
is  no  ma.rked  difference  from  the  lymphocyte  of  human 
blood.  These  cells  constitute  37. 8^^  of  the  total  nuirher 
of  leucocytes.  (Fig.  No.  8) 
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* Monocytes . 

This  cell  is  about  the  same  size  as  the 
eosinophile,  12^0  microns,  and  is  round  or  slightly 
oval  in  shape.  The  nucleus  is  large  and  round,  some- 
times slightly  irregular,  and  in  its  staining  quali- 
ties resembles  the  nucleus  of  the  lymphocyte.  The 
cytoplasm,  hov/ever,  is  slightly  granular,  is  m.ore 
abundant,  and  stains  a lighter  blue  than  the  lyrnphocyte.[f'g£l 

Transitionals , 

In  this  form,  of  mononuclear  cell  the  nucleus 
is  deeply  invaginated  in  a horse  shoe  shape.  The  other 
characteristics  are  the  same  as  the  monocyte.  This 
cell  is  sim.ilar  to  the  transitional  cell  of  hum.an 
blood,  concerning  the  derivation  and  position  of 
v/hich  there  has  been  so  m.uch  discussion.  ['"‘'9  {) 

Mast  Cell . 

This  cell  has  a round  or  oval  nucleus  stain- 
ing a bluish  violet,  and  a clear  cytoplasmi  contain- 
ing a variable  num.ber  of  different  sized  purplish 
(basophilic)  granules.  The  nucleus  at  tim  s sho;‘/s 
a lobulated  structure.  The  size  of  the  cell  varies 
from  9 to  14  microns,  averaging  about  11.6  microns 
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Erythrocytes . 

The  chief  characteristics  of  the  red  blood 
cell  inbbirds  (l)  th^  presence  of  a nucleus,  (2)  the 
elongat  d oval  shape,  and  (3)  the  large  size,  12 
to  15  microns.  'i'hese  cells  are  more  primitive  than 
the  erythrocytes  of  m.an,  which  have  lost  their  nuclei. 
They  can  be  divided  into  several  groups,  according 
to  differences  in  size,  shape,  and  staining  qual- 
ities of  the  nucleus,  the  staining  properties 
of  the  cytoplasm.,  and  the  size  and  shape  of  the 
entir'=-  cell.  These  classes  are  evidently  stages 
in  the  developm.ent  of  the  norm.al  erythrocyte,  xvhich 
is  here  styled  Type  No.  1. 


(1)  Type 

No. 

1 

92.1% 

(2)  ’’ 

It 
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4.5^ 

(3)  " 

n 

3 

1.6,^ 

(4)  " 

11 

4 

1.0^ 

(5)  ” 

If 

5 

0.2^ 

100 . 0;1 

Type  No,  1.  - The  typical  normal  erythro- 
cyte of  birds  is  an  oval  nucleated  and  slightly  bi- 
convex disc,  size  12.4  x 6.3  m.icrons,  with  a nucleus 
5.5  X 2.4  m.icrons.  The  cytoplasm,  stains  a copper 
red,  and  the  nucleus  a purple  with  Pappenheim  stain. 

Type  ^"o . 2.  - This  cell  is  the  sam.e 
size  as  No.  1 practically  10.8  x 6.2  microns,  with 
nucleus  4.9  x 2.7  m.icrons.  The  additional  v;icth 
gives  a rore  bulging  appearance  to  the  cell.  The 
cytoplasm,  stains  less  intensely. 

Type  No.  3.  - The  cell  is  still  shorter  and 
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wider,  measurinrr  10.9  x 7., *5  microns,  v;ith  nucleus 
5.6  X 4.1  microns.  7he  nucleus  stains  darker  and 
shov;s  an  uneven  distribution  of  chromatin. 

Type  Fo . 4 . - The  shape  of  the  r-ell  is 
more  spherical,  measuring  9.5  x 7.9  microns  with 
a nucleus  4.8  x 4.1  m.i crons.  7he  cytoplasm  is  m.ark- 
edly  polychromatic.  The  nucleus  takes  a blue  stain 
rather  than  a purple. 

Type  No . 5. " - This  type  resembles  No.  4, 
but  the  nucleus  is  round  and  stains^ a ligher  blue 
v/hile  the  cytoplasm,  stains  but  faintly.  This  cell 
is  the  m.ost.  prim.itive  form,  of  erythrocyte  in  the 


blood . 
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Thrombocytes . 

These  are  elongate,  elliptical  cells  with 
rather  blunt  ends,  having  a nucleus  in  the  center  or 
at  one  end  of  the  cell.  The  nucleus  stains  deep  blue 
at  times,  while  the  cytoplasm  is  almost  colorless. 
These  cells  seem,  to  be  distributed  in  groups  on  the 
slide,  and  have  five  protoplasmic  strands  projecting 
from  the  ends.  The  average  size  is  6 microns,  the 
nucleus  3.5  m.i crons. 


FIGURE  NO.  II. 


THROFJBOCYTES. 


bowing  variation  in  cell  outline  and" appearance  of  nucleus. 
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Physiolop;ical  Variations . 
Normal  Blood  Count  for  Birds. 


(l)  Erythrocytes. 

Total  2,900,000 


Differential 


(1) 

Type  No . 1 

92.7% 

(2) 

n n 2 

4.d% 

(3) 

n u 3 

1.6% 

(4) 

n n ^ 

1.0% 

(5) 

" ” 5 

0.2% 

100.00^ 


(2)  Leucocytes. 


Total  28,000 
Differential 

Crystalloid  Eosinophile  42.4^ 
Granular  ” 3.1^ 
Lymphocyte  " 37.8^ 
Monocyte  15.7^ 
Transitional  0,1% 


Mast  Cell 


(3)  Thrombocytes. 


0,Z>% 

100.0% 


Total  Count 


22,000 
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Influence  of  Sex. 

There  is  no  appreciable  influence  exerted 
by  sex  upon  the  blood  count  of  birds.  There  is 
marked  individual  variation,  but  no  consistent 
difference  can  be  ascertained  between  the  sexes. 

The  erythrocyte  count  is  practically  the  same  for 
male  and  fem.ale,  and  the  leucocyte  count  while  m.ore 
uncertain,  nevertheless  does  not  vary  enough  to  draw 
any  definite  conclusions. 
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Effect  of  Pood  Upon  Total  Number  of 
Leucocytes . 

Mixed  Food. 


Time 

9:15 

11:50 

2:00 

2:55 

5:55 

9:30 

12:30 

Bird 

No. 

46 

34,000 

36,700 

43,000 

22,000 

38,000 

37,600 

It 

It 

48 

16,600 

20,600 

28,000 

36,600 

16,700 

38,000 

22,000 

It 

It 

47 

32,000 

37,000 

44,600 

30,000 

30,000 

26,600 

23,200 

rt 

It 

44 

16,000 

22,000 

14,200 

25,000 

12,600 

9,600 

Aver  a 

24,650 

29,075 

36 , 300 

36,950 

23,425 

28,800 

23,100 

Effect  of  Food  Upon  Total  Number  of 
Leucocytes . 

Bran  Mash. 


Time 

A.M. 

9:00 

P.M. 

a.:  00 

P M. 

4:00 

P M 
6*:  00 

P.M. 

10:00 

A.M. 

10:00 

P.M. 

3:00 

P.M. 

6:00 

Bird  No. 

46 

24,000 

37,400 

27,000 

25,600 

24,200 

31,200 

43,000 

31,400 

It  tt 

48 

36,000 

32,000 

30,600 

31 ,200 

20,000 

22,000 

30,000 

24,000 

II  It 

47 

35,000 

35,200 

27,600 

25,600 

48,600 

33,000 

45,200 

30,000 

It  It 

44 

16,000 

15,200 

20,000 

15,000- 

9,000 

44,000 

19,000 

15,600 

Average 

28,500 

• ' i> 

30,200 

26,300 

23,850 

25,450 

32,550 

31,800 

25,550 

» 


Results : 


Effect  of  Food  Upon  Percentage  of 
Eosinophiles . 

Mixed  Food. 


A.M. 

A.M. 

P.M. 

P.". 

P.M. 

P.M. 

A.M. 

Time 

9.15 

11:50 

2:00 

2:55 

5:55 

9:30 

12:30 

B^rd 

No . 

46 

51.5 

54.4 

67.0 

60.3 

49.6 

61.0 

49.3 

M 

II 

48 

38.5 

54.0 

50.4 

52.5 

46.8 

46.9 

41.7 

II 

If 

47 

47.1 

66.0 

63.5 

60.8 

65.4 

53.4 

51.4 

II 

II 

44 

41.7 

51.4 

62.6 

60.4 

55.5 

60.9 

59.2 

Aver  a 

ge 

44.6 

56.4 

60.8 

58.5 

54.3 

55.5 

50.4 

Effect  of  Food  Upon  Percentage  of 
Eosinophiles . 

Food  - Bran  mash. 

T-^  m^e 

A. . L.\ 
9:00 

p T.r 

3b:06 

p ir 

4:‘6o 

P . - . 

6:*00 

P.M. 

10:00 

A.M. 

10:00 

P.M. 

3:00 

p ’ ■ 

6:00 

Bird  No 

.46 

47.3 

39.9 

40.7 

49.3 

40.4 

42.0 

35.1 

44.3 

II  II 

48 

32.1 

57.0 

45.1 

51.0 

46.0 

32.1 

47.0 

31.7 

II  II 

47 

41.6 

51.9 

57.3 

59.1 

73.5 

57.8 

49.3 

57.5 

II  II 

44 

50.3 

50.2 

44.8 

36.7 

43.7 

26.8 

39.9 

30.9 

Average 

42.8 

49.7 

46.9 

49.0 

50.9 

39.6 

42.8 

41.1 

* 
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Results : 


Effect  of  Food.  - Percentage  of  Lyrpiphocytes . 

Mixed  Food. 


Time 

A.M. 

9:15 

A.M. 

11:50 

P HiT 

1 • i.'  I • 

2:00 

P.M. 

4:00 

P.M. 

5:55 

P.M. 

9:30 

A.M. 

12:30 

Bird 

nS. 

46 

23.3 

25.2 

12.9 

12.4 

25.6 

18.8 

29.6 

It 

II 

48 

38.2 

25.7 

31.7 

27.2 

34.9 

34,2 

41.7 

It 

II 

47 

35.8 

23.0 

25.2 

24.5 

20.6 

37.5 

36.3 

1! 

II 

44 

50.6 

39.2 

29.9 

30.6 

37.2 

32.2 

33.0 

Average 

36.9 

28.2 

24.9 

23.6 

29.5 

30.6 

35.1 

Percentage  of  Lymphocytes. 
Food  - Bran  mash. 


A.M. 

P.M. 

P.M. 

P.M. 

P.M. 

A.M. 

P.M. 

p tin 

Tim.e 

9:00 

jl:00 

4:00 

6:00 

10:00 

10 : 00 

3:00 

6:00 

Bird 

Ko. 

46 

36.8 

38.8 

35.1 

27.4 

35.1 

26.6 

28.4 

32.6 

II 

II 

48 

44.9 

23.6 

27.8 

28.0 

33.5 

44.1 

29.5 

42.5 

It 

It 

47 

40.0 

39.7 

32.9 

23.1 

10.0 

28.0 

35.9 

26.7 

II 

II 

'44 

39.5 

44.0 

47.1 

54.7 

64.4 

64.4 

50.3 

58.5 

Average 

40.3 

36.5 

35.7 

33.3 

35.7 

40.7 

36.0 

40.0 

» 


I ’>■ 


t 

« 

4» 


r A 

k.  ' .. 


'■■*. 


t ..  ",  ■ '! 


Si 


1 


f 


» .■  I* 


I 


X-J 


f-. 


c 

(J 
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Results : 


Effect  of  Food  Upon  Percentage  of  Monocytes. 

Mixed  Food. 


Tine 

A.M. 

9:15 

A.M. 

11:50 

P.M.  P.M.  P.M. 

2:00  4:00  5:55 

P.M. 

9:30 

A.M. 

12:30 

Bird 

No. 

46 

19.6 

17.9 

19.1  25.9  21.7 

19.2 

18.5 

ft 

It 

48 

17.8 

18.5 

15.7  18.9  16.8 

18.3 

14.3 

II 

47 

11.0 

9.4 

10.2  14.5  11.7 

7.8 

12.2 

M 

It 

44 

5.6 

8.8 

7.5  8.9  6.7 

6.7 

7.6 

Average 

13.5 

13.6 

13.1  17.0  14.2 

13.0 

13.1 

Percentage  of  Monocytes 
Food  - Bran  mash. 

• 

Time 

• I._  • 
9:00 

P.M. 

a:00 

■p  f-  p J,!  p T.'  A H' 

4:00  6:‘6o  10:*o6  10:’ 00 

3:00 

D T' 

X • A.  . • 
6:00 

Bird 

No. 

46 

13.7 

17.2 

20.5  22.9  22.5  24.0 

35.5 

22.0 

II 

If 

48 

21.6 

18.5 

25.4  20.6  20.5  19.8 

22.1 

23.5 

II 

If 

47 

15.9 

7.4 

9.6  17.6  16.5  10.0 

13.0 

14.3 

II 

II 

44 

9.7 

5.7 

7.9  7.7  7.4  7.4 

9.5 

10.3 

Average 

15.2 

12.2 

15.8  17.2  16.9  15.3 

20.0 

17.5 

I 

i 
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Re suits ; 

Effect  of  Pood  Upon  The  Percentage  of  Transitionals , 

(Mixed  Food) 


Time 

/I  • A • 

9:15 

11:05 

P ' 

2 *:  bo 

P.M. 

4:00 

P.M. 

5 : 55 

P.M. 

9:30 

A.M. 

12:30 

Bird .Nq . 

46 

5.6 

0.8 

2.9 

0.8 

2.3 

0.8 

1.3 

It  ft 

48 

5.0 

2.0 

1.3 

0.7 

1.7 

0.7 

0.2 

If  ft 

47 

6.3 

1.1 

2.1 

1.2 

0.0 

1.6 

0.8 

ft  ft 

44 

2.5 

0.0 

0.4 

0.0 

0.0 

0.4 

0.0 

Average 

4.8 

0.9 

1.6 

0.6 

1.0 

0.8 

0.5 

Percentage  of  Transitionals. 
Food  - Bran  mash. 

Time 

A.M. 

9:00 

. o 

o 

P-. 

P.M. 

4:00 

P.M. 

6:00 

P.M. 

10:00 

A.M. 

10:00 

P.M. 

3:00 

P.M. 

6:00 

Bird  No. 

46 

2.5 

0.1 

1.8 

6.0 

0.1 

0.9 

0.0 

1.5 

fi  ft 

48 

1.5 

0.4 

0.0 

3.8 

0.0 

2.2 

0.0 

1.9 

tf  ft 

47 

0.0 

0.0 

0.0 

3.1 

1.3 

1.3 

0.6 

0.7 

It  If 

44 

0.0 

0.2 

0.7 

0.7 

0.0 

0.2 

0.0 

0.8 

Average 

1.2 

0.1 

0.6 

3.4 

0.3 

1.1 

0.1 

1.2 

> 


# ■* 


{ 
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Results  : 


Effect  of 

Food  Upon  Percentage  of 
Cells . 

Nixed  Food. 

Mast 

Time 

A.’-'. 

9:15 

A.N. 

11:50 

P.M.  P.N.  P.r.  P.N 

2:00  2:55  5:55  9:30 

• 

A.M. 

12:30 

Bird 

No . 

46 

0.0 

0.0 

0.0 

0.0  0.0  0.0 

0.0 

II 

II 

48 

0.5 

0.0 

0.0 

0.0  0.0  0.0 

0.3 

M 

If 

47 

1.4 

0.0 

0.0 

0.0  0.0  0.0 

0.0 

M 

II 

44 

1.5 

0.0 

0.0 

0.0  0.0  0.0 

0.0 

Average 

0.8 

0.0 

0.0 

0.0  0.0  0.0 

0.7 

Effect  of 

Food  Upon  Percentage  of 

Mast  Cells. 

Food  - Bran  Mash. 

A.N. 

P . ’ ' . 

^.M.  P.M;  A.::. 

P."h 

•D  T" 

- • i - • 

^Tim.e 

9:00 

1:00 

4:00 

6:00  10:00  10:00 

5:00 

6:00 

Bird 

No  . 

46 

1.1 

2.8 

1.0 

0.0  0.0  1.2 

0.7 

0.0 

II 

II 

48 

0.4 

0.4 

0.0 

0.0  0.0  0.3 

1.2 

0.0 

It 

If 

47 

0.8 

0.0 

0.0 

0.0  0.0  1.0 

0.3 

0.0 

II 

II 

44 

0.0 

0.0 

0.0 

0.5  0.4  0.4 

0.2 

0.0 

Average 

0.5 

0.8 

0.2 

0.1  0.1  0.7 

0.6 

0.0 

MU  p; 


'V! 

s 


i 

Q 

c 


i 


I 


«»- 
f • 


i 


t 


k 


'■-I 


C 

C 


i 
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■^^ariation  in  Nurr.ber  of  Blood  fell?;  Due 

To  Food. 


I . I'.iethod.  - 

Four  Mrcs  v;ere  used.  Blood  counts  were 
made  fceofre  and  after  feeding  on  two  successive  days. 

The  first  day  the  food  was  a dry  mixture  of-  grain,  the 
second  a bran  mash.  ^he  food  was  placed  in  the  cages  of 
the  birds  and  allowed  to  rem.ain  an  hour.  7/ater  ’»ras  kept 
in  the  cages  during  the  entire  experim.ent. 

The  third  day  the  birds  were  given  no  food 
and  blood  counts  were  m.ade  at  times  corresponding  to  those 
of  the  two  previous  days.  Allowing  for  diurnal  variations, 
any  m:arked  inci.-’ease  or  decrease  in  the  number  of  blood 
cel's  during  the  first  two  days,  as  compared  with  that 
on  the  third  day  is  probably  due  to  food. 

The  tim.e  fof  m.aking  bleed  examination  and 
of  feeding  is  recorded  in  the  follov/ing  tables. 

II.  Results . - 

The  diurnal  variations  when  no  food  was  given 
are  as  follows: 


(a)  Total  number  of  leukocytes- 


Increases 

from 

11  A.k. 

to 

o 

P T.' 

--  • • 

Decreases 

2 

tf 

6 

Increases 

t! 

6 P.Il. 

(1 

9 

p.l:. 

(b)  The  percentage  of  eosinophiles  sho\7s  a 
variation  similar  to  that  of  the  total  number  of  leukocytes, 
(•c ) The  percentage  of  l;;,’mphocytes  : 


Decrea  ses 

from. 

11 

A . ik . 

to 

2 

P.H. 

Increases 

It 

2 

P.D. 

It 

6 

P . T'g 

Decreases 

II 

6 

k.!!. 

It 

9 

P TIT 

' • 1.4.  • 

-37- 


Comparlnc^,  tha  above  variations  in  the  total 
nurn.ber  of  leukocytes  v;hen  no  food  v.-as  f^5-ven  with  those 


when  m.ixed  food  vias  gi 

ven. 

the 

following 

i s obs 

erved: 

Increase 

in  nujT'ber 

at  2 T^,H. 

(2000 

cells ) 

Decrease 

ft 

ft 

P Tiff 

(2000 

" ) 

Increase 

It 

tt 

9 P T' 

(1500 

" ) 

The  percentage  of  eosinophiles  shov;s  a similar 
variation  to  that  noted  in  the  leukocytes.  As  the  eosino- 
philes increase  relatively  there  is  a decrease  in  the 
numb 01’  of  1 ^nr.pho c y t e s . 

The  percentage  of  eosinophiles,  during  the 
day  that  m.ixed  food  was  taken,  exceeds  that  v/hen  no  food 
v/as  taken  as  it  does  also  for'  the  day  when  the  food  was 
"Bran  liash."  The  table  belo'w  gives  the  ne*  cent  of  increase 
of  eosinophiles,  which  food  caused  at  different  times 
during  the  day. 


Tim.e  9 A.M. 

2 P.H. 

6 F.H. 

9 P.H, 

Mixed 

Food  5.0^^ 

18.0^ 

13.5,1 

9.2l 

Bran 

Hash  3.2^ 

8.21 

4.6l 

Before  feeding  (9  A.i'.  ) the  percentage  of 
eosinophiles  was  very  nearly  the  same  on  the  three  days. 
L'.ixed  ford  gave  a greater  increase  in  percentage  of 
eosinophiles  than  did  the  "Bran  Hash." 

The  percentage  of  lymphocytes  in  general  is 
lower  on  the  days  that  food  was  given  than  v/hen  none  was 
given.  The  mixed  food  caused  a lower  percentage  of  these 
cells  tha-  did  the  "Bran  Mash."  The  following  table  shoy/s 
the  percentage  of  decrease  in  lym.phocytes  due  to  food. 
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Tirne  9 A.M.  2 P.E.  6 P.i:.  9 P.M. 

nixed  Food  3.?7^  11. If/  lC.5f^  2.3f^ 

Bran  Mash  .4^  .3^  6.7f^  7.4^ 

- In  these  three  cases  there  was  an  increase  in 
percentage  of  lymphocytes.  There  is  a fairly  constant 
percentage  of  monocytes  and  the  variation  in  their  number 
seems  to  follow  that  of  the  eosinophiles  as  to  time. 

The  relative  number  decreased  when  food  ?;as  given,  but 
the  kind  of  fc^d  did  not  cause  a m.arked  variation. 

The  relative  number  of  m.ast  and  transition- 
al cells  is  not  very  smal''  , and  there  is  no  marked  var- 
iation due  to  focd. 


EXPLANATIOi:  OF  GRAPHS. 


Experiments  on  Focd,  Diurnal  Changes,  Heat  and  Exercise, 
Or-dinates . - 

1.  Numter  of  thousands  of  total  leukocytes. 

1 cm.  space  equals  1000  cells  (red  ink) , 

2.  (a)  Percentage  of  eosinonhiles . 

(Dotted  line,  black  ink) 

(b)  Percentage  of  lymphocytes  (blue  line). 

2 mm.  spaces  equal  1%  . 

0 

Ahsci ssas . - 

Tim.e  of  l aking  blood. 

5 mm  . spaces  equal  1 hour  (Food  and  diurnal 

changes ) 

10  mm.  spaces  equal  1 " (Heat,  exercise.) 

/oi  (X)  on  the  graph  shows  the  tim.e  of  feeding, 
ti”’ e of  exercise,  and  tim.e  of  subjection  to  heat* 

The  r‘ cords  for  the  different  ays  are  separat- 
ed by  paral!'el  lines  perpendicular  to  the  axis  of  abscissas 
in  all  the  graphic  representations. 


r^zrr 
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Results:  Diurnal  Variation  in  Total  Leukocytes 


Time 

9 a.ra. 

2 p.m. 

6 p.m. 

9 p;m. 

12. m. 

9 a.m. 

2 p.m. 

6 p.m. 

9 p» • 

Bird  -;5^46 

34000 

22000 

38000 

37  000 

24000 

37400 

25600 

24200 

Bird  #48 

16600 

28000 

16700 

38200 

22000 

36000 

32000 

31200 

20000 

Bird  #47 

32000 

44600 

30000 

26600 

23200 

35000 

35200 

25600 

48600 

Bird  #44 

16000 

25000 

12600 

9600 

16000 

16200 

13000 

9000 

Average 

24650 

36300 

23425 

28850 

23100 

27750 

30200 

23850 

25450 

Time 

11  a.m. 

3 p.m. 

6 p.m. 

9 p.m. 

9 a.m. 

2 p.m. 

11  a.m 

.2  p.m. 

6 p.m 

Bird  #46 

31200 

43000 

31400 

28200 

41000 

84000 

31000 

20000 

27000 

Bird  #48 

22000 

30000 

24000 

30000 

33000 

29100 

25600 

22000 

17600 

Bird  #47 

33000 

45200 

30000 

36000 

34000 

30000 

29000 

26000 

30600 

Bird  #44 

44000 

19000 

15600 

15000 

29000 

19000 

17600 

14600 

27600 

Average 

32550 

34300 

25250 

27300 

/ 

34250 

40600 

25800 

23150 

25100 
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Results:  Diurnal  Variation  in  Percentage  of  Eosinophiles 


Time 

9 a.m. 

2 p. m. 

6 p.m. 

9 p.m. 

12  m. 

9 a.m. 

2 p.m. 

6 p.m. 

9 p.m. 

Bird  #46 

51.3 

67.0 

49.6 

61.0 

49.3 

47 . 3 

39.7 

49.3 

40.4 

3 

00 

38.5 

50.4 

46.8 

46.9 

41.7 

32.1 

57.0 

51.0 

46.0 

" #47 

47.1 

63.3 

65.4 

53.4 

51.4 

41.6 

51.9 

59.1 

73.5 

« #44 

41.7 

62.6 

55.5 

60.9 

59.2 

50.3 

50.2 

36.7 

43.7 

Ave  rage 

44.6 

60.8 

54.3 

55.  5 

50.4 

42.8 

49.7 

49.0 

50.9 

Time 

11  a.m. 

3 p .ra. 

6 p.m. 

9 p.m. 

9 ia.m. 

2 p.m. 

11  a.m. 

2 p.m. 

6 p.m. 

Bi rd#46 

42.0 

35.1 

44.3 

44.2 

48.6 

62.5 

38.8 

51.4 

62.6 

'•  #48 

32.1 

47.0 

31.7 

49.4 

44.7 

63.2 

43.6 

36.7 

61.9 

" #47 

57.8 

49.3 

57.5 

50.5 

49.2 

66.7 

53.2 

64.5 

69.5 

” #44 

26.8 

39.9 

30.9 

41.2 

44.8 

43.2 

31.8 

34.2 

32.5 

Average 

39.6 

42.8 

40.8 

46.3 

46.8 

58.9 

41.8 

46.7 

56.6 

( 


Results:  Diurnal  Variation  in  Percentage  of  Lymphocytes 


Time 

0 • a • m • 

2 p.ra. 

6 p.m. 

9 p.m. 

12  m- 

9 a.m. 

2 p ,m. 

6 p.ra. 

9 p,jn 

Bi  rd 

#46 

23.3 

12.9 

25.6 

18.8 

29.6 

36.8 

38.8 

27.4 

35. 1 

It 

#48 

38.2 

31.7 

34.9 

34.2 

41.7 

44.9 

23.6 

28.0 

33.5 

II 

#47 

35.8 

25.2 

20.6 

37.5 

36.3 

40.0 

39.7 

23.1 

10.0 

N 

#44 

50.6 

29.9 

37.2 

32.2 

33.0 

39.5 

44.0 

54.7 

64.4 

Average 

36.9 

24.9 

29.5 

30.6 

35.1 

40.3 

36.5 

33.3 

35.7 

Time 

11  a. 

m.  3 p.m. 

6 p.ra. 

9 p.m. 

9 a.m. 

2 p.m. 

11  a. 

m.  2 p.m. 

6 p.m 

Bird  #46 

26.6 

28.4 

32.6 

26.4 

24.1 

82 

28.0 

27.3 

11.9 

'•  #48 

44. 1 

29.  5 

42.5 

22.0 

30.4 

8.9 

33.6 

33.7 

10.3 

" #47 

28.0 

35.9 

2677 

22.8 

35.1 

13.7 

31.0 

19.1 

11.7 

« #44 

64.4 

50.3 

58.5 

42.0 

42.8 

30.2 

56.6 

53.0 

56.5 

Average 

40.7 

36.0 

40.0 

28.3 

33-.  1 

15.2 

37.3 

33.2 

22.6 

I 


Results:  Diurnal  Variation  in  Percentage  of  Monocytes 


Time 

9 a.m. 

2 p.ra. 

6 p . m . 

9 p.ra. 

12  m. 

9 a.  in. 

2 p.ra. 

6 p.ra. 

9 p. 

Bird 

#46 

19.6 

19 . 1 

21.7 

19.2 

18.5 

13.7 

17.2 

22.9 

22.5 

H 

#48 

17.8 

15.7 

16.8 

18.3 

14.3 

21.6 

18.5 

20.6 

20.5 

tl 

#47 

11.0 

10.2 

11.7 

7.8 

12.2 

15.9 

7.4 

17.6 

16.5 

M 

#44 

5.6 

7.5 

6.7 

6.7 

7.6 

9.7 

5.7 

7.7 

7.4 

Average 

13.5 

13.1 

14.2 

13.0 

13.1 

15.2 

12.2 

17.2 

16.7 

Time 

11  a.m. 

3 p.m. 

6 p.ra. 

9 p.ra. 

9 a.m. 

2 p.ra. 

11  a.m. 

2 p.ra. 

6 p .m 

Bird 

#46 

24.0 

35 . 5 

22.0 

28.9 

25.0 

28.7 

30.8 

20.0 

24.2 

n 

#48 

19.8 

22.1 

23.5 

27.9 

21.9 

24.6 

19.6 

28.7 

26.0 

tl 

#47 

10.0 

13.0 

14.3 

25.3 

13.7 

18.2 

14.6 

15.5 

16.4 

It 

#44 

7.4 

9.5 

10.  3 

16.6 

10.6 

25.1 

10.9 

12.2 

10.0 

Average 

15.3 

20.0 

22.5 

24.6 

17.8 

24.1 

18.9 

19.1 

19.1 

\ ■■ 
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Results:  Diurnal  Variation  in  Transitional  Cells 


T iine 

9.15  a.m. 

2 p.in. 

6 p.m. 

9 p.m. 

12  m. 

9 a.m. 

12  m. 

6 p.m. 

9. p.m 

Bird  #46 

5.6 

.8 

2.9 

.8 

2.3 

.8 

1.3 

. 1 

1.8 

« #48 

5.  0 

2.0 

1.3 

1.7 

1.7 

.7 

.2 

. 4 

0 

" • #47 

6.3 

1.1 

2.1 

1.2 

0 

1.6 

.8 

0 

0 

It  ^44 

2.5 

0 

.4 

0 

0 

.4 

0 

.2 

.7 

Average 

4.8 

.9 

1.6 

.6 

1.0 

.8 

.5 

. 1 

.6 

Time 

11  a.m. 

3 p.m. 

6 p.m. 

9 p.m. 

9 a.m. 

2 p.m. 

11  a.m. 

2 p . rn . 

6 p.m 

Bird  #46 

'6.0 

. 1 

.9 

0 

1.  5 

1.0 

.4 

.1 

.7 

CO 

s 

3.8 

0 

2.2 

0 

1.9 

1.3 

.9 

0 

1.2 

" #47 

3.1 

1.3 

1.3 

.6 

.7 

.7 

.8 

.2 

.2 

« #44 

.7 

0 

. .2 

0 

- '.8 

1.1 

0 

.2 

0 

Average 

3.4 

.3 

1.1 

.1 

1.2 

.7 

.5 

.1 

.5 

’"i 


i 
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Diurnal  Variation  in  Percent 
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Piurnal  ‘'^arin  tion. 


I . Method.  - 

Blood  counts  on  four  birds  vrere  taken  on  three 
successive  cays  at  tim: s indicated  on  table.  The  first 
tv/c  days  the  birds  \7e''e  fed  but  the  third  day  no  food 
uas  given. 

II . Results . - 

The  following  ' ables  give  the  results  for  the 
study  of  diurnal  changes  in  the  number  of  blO'  d cells, 
(a)  Va'‘-iation  not  d -in  total  leukocytes. 

First  Fay  Mixed  Food. . 


(1) 

Marked  increase 

from  9 

A.M. 

- 2 P.M. 

(2) 

" decrease 

” 2 

P.M. 

- 6 P.M. 

(3) 

Increase  from. 

6 

P.M. 

- 9 P.M. 

(4) 

Decrease  from 

9 

P.M. 

-12  A.M. 

2nd  Day  Bran 

Mash. 

(5) 

Gradual  increase 

from 

9 A.M. 

- 2 P.M 

(6) 

Decrease 

t! 

2 P.l'. 

- 6 P.M 

(V) 

Gradual  increase 

6 P.M. 

- 9 P.M 

3rd  Day  Ho  Food  Given . 

It  is  found  that  for  the  three  days  rec  rded 
the  maximum  number  of  leukocytes  is  found  at  2 ^^.M.  each 
day.  The  smallest  number  of  these  cells  are  found  at  9 
A.M. , 6 P.M.,  and  12  M.  on  the  first  day,  and  in 

general  at  6 P.M. 

(b)  The  percentage  variation  of  eosinophiles  is  sim.- 
ilar  to  the  variation  in  the  number  of  leukoc3'’tes  for  the 
first  day. 

Decrease  from.  2 P.M.  - 12  A.M.  , v;ith  a 
slight  increase  noted  from.  6 P.M.  - 9 P.M. 
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The  second  and  third  days  give  less  marked 
results  than  the  first.  There  is  e corresponding  slight 
increase  tVi8  second  day  sim.ilar  to  that  of  the  leukocytes 
from  9 A.!'",  to  2 P.Ii.  From  2 P.I'.  to  6 P.K.  a slight 
decrease  occurs,  follov/ed  by  a slm.ilor  increase  to 
9 P.K. 

The  third  day,  - As  ’//ith  the  leukocytes  there 
is  an  incre-  se  from.  10  to  2 ^ i'.  , followed  by  a 

decrease  from  2 P.r.  to  6 V .11.  There  com.ss  an  increase 
from  6 F.h.  to  9 P.I',:. 

The  highest  laercentages  each  day  seem,  to  be 
at  a or  9 P.I  . , and  the  m.inimium  at  9 A..LI.  , v/ith 

low  pe'-'centages  s t 12  A.  IT.  and  6 P.r,. 

(c)  The  relative  number  of  lymphocytes  shov/s  a cor- 
responding decrease  to  the  above  increase  in  eosinophiles . 
The  m.axim.um.  num.ber  for  each  day  being  found  at  9 A. IT. 
with  a high  count  at  6 and  lov/  counts  at  2 P.IT.  and  9 


PIIHNAL  V..AI,,':iON 
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Results ; 

Effect  of  Exercise  Upon. 
Total  Number  of  Leukocytes. 


Xl  • • 

I,:. 

T5 

Time 

• 

9:00 

o 

o 

f — 1 
1 — 1 

12:00 

2; 

:00 

Bird 

No. 

46 

41,000 

50,000 

42,000 

84, 

,000 

II 

If 

48 

33,000 

23,000 

27,200 

29, 

,600 

It 

II 

47 

34,000 

18,200 

27,600 

30, 

,000 

Tl 

IT 

44 

29,000 

19,600 

18,000 

19, 

,000 

Averan;e 

31,750 

27,700 

28,700 

38, 

,150 

Effect  of 

Exercise 

Upon 

Percentage 

of  Eosinophiles . 

A. I'. 

A.  I.:. 

I.:. 

P.^'. 

Tim.e 

9:00 

11:00 

12:00 

2:00 

Bird 

No. 

46 

48.6 

64.0 

51.3 

62.5 

II 

II 

48 

44.7 

43.6 

56.7 

63.2 

If 

If 

47 

49.2 

56.8 

67.2 

66.7 

If 

If 

44 

44.8 

45.1 

40.0 

43.2 

Average 

46.8 

52.1 

53.8 

56.4 

) 
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Result 


Effect  of 
Percentage 

Exercise  Upon 
of  Lymphocytes. 

Time 

lf:*6c3 

12:00 

? 

2:*  00 

Bird 

No. 

46 

24.1 

10.2 

9.4 

8.2 

1! 

II 

48 

30.4 

40.5 

12.1 

8.9 

It 

If 

47 

35.1 

20.0 

14.5 

13.7 

If 

If 

44 

42.8 

39.4 

46.0 

30.2 

Average 

33.1 

25.0 

20.5 

15.2 

. 

Effect  of 
Percentage 

Exercise  Upon 
of  Monocytes. 

Tim^e 

A. A. 

9:00 

A.i',:. 

11:00 

7.r 

127oO 

p i\' 

2!  bo 

Bird 

No. 

46 

25.0 

24.9 

37.5 

28.7 

If 

If 

48 

21.9 

14.5 

20.0 

24.6 

II 

If 

47 

13.7 

14.6 

16.1 

18.2 

1! 

II 

44 

10.6 

15.1 

13.3 

25.1 

Average 

17.8 

17.2 

27.7 

24.1 

Result : 


Fffect  of  Fxercise  Upon 
Percentage  of  Trnnsi tionals . 


A.r. 

A.::. 

T " 

P.^'. 

Time 

9:00 

11:00 

12:00 

2:00 

Bird  No. 

46 

1.5 

0.3 

0.0 

o 

• 

o 

tl  M 

48 

1.9 

0.8 

0.1 

1.3 

ti  n 

47 

0.7 

0.4 

1.5 

0.7 

tt  M 

44 

CO* 

o 

0.0 

0.4 

1.1 

Averac-e 

1.8 

0.3 

0.5 

0.7 

Effect  of  Exercise  Upon 
Percentage  of  Mast  Cells. 


A . F . 

A.M. 

P T T 

Tim.e 

9:00 

11:00 

12:00 

2:00 

Bird 

No. 

46 

0.5 

0.4 

1.6 

0.5 

II 

II 

48 

0.8 

0.4 

1.7 

1.8 

II 

II 

47 

1.1 

1.0 

0.4 

0.5 

II 

II 

44 

0.8 

0.2 

0.0 

0.2 

Average 


0.8 


0.5 


0.9 


0.7 
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Influence  of 


Exer-cise 


( 1 ) Methods . - 

Blood  counts  \?ere  talcen  from  birds  which  hod 
been  subjected  to  active  exercise  for  three  minutes.  The 
birds  v/ere  chased  about  the  laboratory  cellar  and  v/hen 


they  r fused  to  run  they  were  picked  up  and  m.ade  to  use 
their  wings  v/hich  they  did  most  effectively  when  held 
he^^d  do  nward  by  their  feet.  They  v;ere  also  held  by 
th  exte>'ded  wings  in  m.ic  air  which  caused  their  f et 
to  exercise  rapidly  as  though  running,  "rhese  three  m.ethods 
were  used  to  suit  the  individual  bi'-'-d  so  that  exercise 
should  be  continuous  for  three  minutes.  A second 
blood  count  was  imm' diately  m.ade  after  exerc.se  and  also 
two  subsequent  ones. 

(2 ) Results . - 

The  following  tables  give  the  results  of 
these  counts  and  the  changes  in  the  various  cells  of  the 
blood. 

(a)  Total  leukocytes  decreased  to  a mlnim.um 
directly  after  exercising,  then  increased  slowly  during 
the  next  hour  and  then  progressed  rapidly  to  a r.axim.um,. 

f 

(b)  The  eosinophiles  showed  a slow  but  steady 
increase  reaching  a m.axim.um  three  hours  after  exercise. 

(c)  The  relative  num.ber  of  lymphocytes  showed 
a corresponding  decre^^se,  reaching  a mlnim.um.  three  hours 
after  exercise. 


(d)  Monocytes  gave  a slight  increase  after  exercise 

(e)  The  trails itionals  gave  a slight  increase 


after  the  exercise. 


iO/th  iim  i?n 
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Results  ; 


Effect  of  Heat  Upon 
Total  Number  of  Leukocytes. 


T^'me 

M. 

12:00 

P.M, 

2:00 

P T^/T 
X -•  I'-..  • 

4:00 

P.M. 

6:00 

Bird  No. 

46 

31,000 

20,000 

25,000 

27,000 

ir  ti 

48 

25,600 

22,000 

40,600 

51,600 

II  II 

47 

29,000 

26,000 

36,000 

30,600 

II  II 

44 

17,600 

14,600 

22,000 

27,000 

Average 

25,800 

46,650 

30,950 

25,550 

Effect 

Percentage 

of  Heat  Upon 
of  Fosinophiles . 

Time 

M. 

12:00 

P.N. 

2:00 

P . 1! . 

4!  do 

P.M. 

6:00 

Bird  No. 

46 

38.8 

51.4 

49.1 

62.6 

II  II 

48 

43.6 

36.7 

50.3 

61.9 

II  M 

47 

53.2 

64.5 

64 . 6 

69.5 

II  II 

44 

31.8 

34.2 

34.9 

32.5 

Average 

41.8 

46.7 

49.7 

56 . 6 

51 


Results ; 

Effect  of  Heat  Upon 


Percentage 

of  Lymphocytes. 

Time 

i:. 

12:00 

P.M. 

2:00 

P.M. 

4:00 

P.M. 

6:00 

Bird  No. 

46 

28.0 

27.3 

7.9 

11.9 

It  f? 

48 

33.6 

33.7 

22.0 

10.3 

M ir 

47 

31.0 

19.1 

18.6 

11.7 

IT  IT 

44 

56.6 

53.0 

52.6 

56.5 

Average 

34.8 

33.2 

25.0 

22.6 

Effect  of  Heat  Upon 
Percentage  of  Monocytes. 

*- 

M. 

■p  T.- 
^ - • 

P.M. 

Time 

12:00 

2:00 

4:00  . 

6:00 

Bird  No . 

46 

30.8 

20.0 

41.8 

24.2 

IT  IT 

48 

19.6 

28.7 

26.7 

26.0 

?l  IT 

47 

14.6 

15.5 

14.7 

16.4 

Tl  IT 

44 

10.9 

12.2 

11.5 

10.6 

Average 

18.9 

19.1 

23.6 

19.3 

» 
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Results  : 


Effect  of  Heat  Upon 
Percentages  of  Transi tionals . 


Time 

M. 

12:00 

P.M. 

2:00 

P.M. 

4:00 

P.M. 

6:00 

Bird  No. 

46 

0.4 

0.1 

0.4 

0.7 

II  II 

48 

0.9 

0.0 

0.5 

1.2 

n It 

47 

0.8 

0.2 

1.9 

0.2 

ft  !! 

44 

0.0 

0.2 

0.3 

0.0 

Average 

0.5 

0.1 

0.7 

0.5 

Effect  of  Heat 
Percentage  of  Mast 

Upon 
Cells . 

T-T 

P . TwT 

^ T-' 

'?:r. 

Time 

12:00 

2:00 

4:00 

6:00 

Bird  No. 

46 

2.0 

1.1 

0.6 

0.4 

It  II 

48 

2.1 

0.7 

0.1 

0.4 

It  It 

47 

0.2 

0.6 

0.0 

2.0 

It  It 

44 

0.4 

0.2 

0.3 

1.2 

Average 

1.1 

0.6 

0.2 

1.2 

Influence  of  Heat. 


I . Methods . - 

Four  ^Irds  wei-^e  used  (crops  empty).  Two  hours  after 
making  a blood  count  the  birds  were  plac  d In  succession 
in  an  incubator  for  15  minutes  at  a temperature  of  65  - 
69  degrees  Centigrade.  After  removing  from  the  incubator 
a blood  count  v;-as  m.ade,  and  two  other  counts  were  m.ade 
subsequently, 

^ ^ tions  noted  in  ac company ing  tables  ; 

(a)  Total  Leucocytes . 

harked  increase  in  nuniber  up  to  the  tim.e 
of  subjection  to  heat.  Marked  decrease  in  num- 
ber after  subjection  to  heat. 

Decrease  in  number  continued  until  m.in- 
imium  is  reached,  four  hours  after  subjecting 
to  heat. 

(b ) Eosinophiles . 

Show  following  percentage  variations. 

A gradual  increase  to  n.axim.um  four  hours 
after  subjecting  to  heat. 

{ c ) The  L^ncphocytes  . 

Show  a decrease  in  relative  number  corres- 
ponding to  the  above  gracJual  increase. 

(d)  The  Monocytes . 

Shovj-  an  increase  after  subjecting  the  birds 
to  heat  during  two  hours^  after  this  tim.e, there 
is  a corresponding  decrease. 


-56.- 


a 

« 

II 

II 

II 

II 

II 

II 

II 

II 

II 

• 

0 

CO 

cr> 

II 

0 

• 

• 

II 

• 

• * 

lO 

CD 

II 

P 

9 

0 

0 

II 

rH 

iH 

II 

II 

II 

II 

• 

0 

0 

to 

II 

0 

• 

• 

II 

• 

• • 

CD 

<0 

II 

P 

6 

0 

0 

II 

rH 

rH 

II 

II 

II 

II 

0 

II 

• 

0 

iH 

fH 

m 

II 

• • 

• 

• 

<D 

II 

C\i 

CD 

II 

fH 

0 

0 

II 

r — 1 

rH 

+3 

II 

c5 

II 

<M 

II 

(D 

II 

• 

0 

CO 

iH 

CU 

II 

0 

* 

• 

S 

II 

• 

• • 

CD 

00 

0 

II 

< Oi 

0 

0 

•• 

Eh 

II 

iH 

iH 

CO 

II 

II 

( — 1 

•H 

II 

II 

0 

0 

to 

CO 

5:1 

II 

• 

0 

• 

• 

0 

0 

II 

* • 

CD 

£> 

QC 

•H 

II 

OJ 

0 

0 

II 

H 

iH 

rH 

cu 

II 

•H 

II 

II 

c5 

II 

0 

CO 

> 

II 

• 

0 

• 

• 

II 

0 

to 

CD 

II 

• 

• • 

0 

0 

II 

P 

9 

iH 

1 — 1 

II 

II 

II 

II 

(H 

0 

II 

• 

0 

• 

• 

II 

0 

CD 

CD 

II 

* 

•• 

0 

0 

II 

p 

6 

c-H 

1 — 1 

II 

II 

II 

'Cf* 

0 

II 

• 

0 

• 

• 

II 

0 

CD 

{> 

II 

• 

• • 

0 

0 

II 

P-. 

CV3 

rH 

(H 

II 

II 

II 

II 

• 

LO 

0 

II 

**=i 

iH 

• 

• 

II 

• 

• * 

C^ 

D- 

II  <;  o> 

0 

0 

II 

iH 

— 1 

II 

1 

1 

II 

CD 

CO 

II 

II 

II 

• 

II 

0 

t: 

II 

& 

II 

II 

0 

'0 

II 

6 

r: 

II 

•H 

•H 

II 

CQ 

0 

0 

rH 

Cv} 

CD 

CD 

£> 

CD 

0 

0 

0 

iH 

1 — 1 

1 — 1 

0 

0 

CD 

CO 

03 

• 

• 

• 

CD 

CD 

CD 

0 

0 

0 

iH 

rH 

iH 

0 

0 

rH 

£> 

CO 

iH 

CD 

CO 

0 

0 

0 

1 — 1 

tH 

rH 

0 

0 

to 

03 

• 

• 

• 

c- 

0 

0 

0 

iH 

tH 

1 — ! 

0 

0 

1 — 1 

Oi 

• 

• 

• 

o- 

CD 

0 

0 

0 

rH 

iH 

rH 

0 

0 

CO 

to 

05 

CD 

CD 

0 

0 

0 

rH 

1 — 1 

rH 

0 

0 

to 

CJi 

CO 

CD 

• 

• 

• 

LO 

CD 

0 

0 

0 

1 — 1 

1 — 1 

rH 

0 

0 

CXJ 

• 

• • 

CO 

0 

0 

0 

0 

0 

1 — 1 

1 — 1 

1 — 1 

0 

0 

CO 

CO 

CO 

1 — 1 

• 

• 

• 

fH 

£> 

0 

0 

0 

rH 

1 

iH 

1 

rH 

1 

0 

i 

■<Ct< 

<< 

- 

r 

0 

to 

oj 

a; 

r 

r: 

0 

B 

> 

•H 

< 

E-* 

<1 

<1 

II 

II 

II 

II 

II 


to 

to 

to 

II 

• 

• 

• 

• 

• 

II 

to 

CD 

to 

to 

to 

II 

0 

0 

0 

0 

0 

II 

1 — 1 

rH 

1 — 1 

1 — 1 

rH 

II 

II 

II 

V 

0 

H' 

CO 

0 

0 

y 

• 

• 

• 

• 

• 

V 

CO 

CO 

0 

CO 

0 

1 

rH 

0 

iH 

0 

rH 

M 

fH 

t — 1 

1 — 1 

r — 1 

( — 1 

II 

H 

II 

U 

II 

CO 

to 

CD 

0 

y 

• 

• 

• 

• 

• 

y 

CO 

o- 

CD 

0- 

{> 

y 

0 

0 

0 

0 

0 

y 

rH 

1 — 1 

H 

rH 

1 — 1 

y 

y 

y 

u 

rH 

to 

O' 

CV3 

CO 

H 

• 

• 

• 

• 

• 

u 

CD 

CD 

CD 

CD 

CD 

u 

0 

0 

0 

0 

0 

II 

rH 

1 — 1 

1 — 1 

f — 1 

1 — 1 

II 

II 

II 

II 

0 

05 

to 

CD 

II 

• 

• 

• 

• 

• 

II 

00 

CD 

O' 

0- 

11 

0 

0 

0 

0 

0 

II 

rH 

rH 

iH 

1 — 1 

1 — 1 

II 

II 

II 

II 

a> 

03 

r— 1 

Hc 

05 

II 

m 

• 

• 

• 

• 

II 

CD 

c- 

CD 

CD 

II 

0 

0 

0 

0 

0 

11 

rH 

t — 1 

rH 

1 — 1 

1 — 1 

II 

II 

11 

11 

CO 

CD 

03 

0 

O' 

II 

• 

• 

• 

• 

• 

II 

£> 

CD 

O' 

CD 

CD 

II 

0 

0 

0 

0 

0 

II 

1 — 1 

1 — 1 

iH 

rH 

iH 

II 

II 

II 

II 

0 

0 

CO 

03 

CO 

II 

• 

• 

• 

• 

• 

II 

CO 

O' 

O' 

o- 

II 

0 

0 

0 

CO 

0 

11 

iH 

rH 

rH 

iH 

rH 

II 

II 

II 

II 

03 

03 

CO 

<35 

II 

• 

• 

• 

• 

• 

II 

CD 

O' 

O' 

CD 

CD 

II 

0 

0 

0 

0 

0 

II 

rH 

rH 

( — 1 

1 — 1 

iH 

II 

II 

II 

II 

CD 

CO 

5> 

II 

II 

II 

• 

II 

0 

r 

r 

r 

0 

II 

W 

II 

o3 

II 

'■0 

10 

II 

r 

r 

0 

l< 

•H 

> 

II 

CQ 

II 

-56- 


Variation  of  ' ernperature . 

T . Eethoc^s  . - 

In  taking  the  cloocal  ter.perature  to  c'eterrine 
an;,’  diurnal  variation,  the  bird  v;ar.  held  by  the  f-et, 
head  dcv/nv;ard  between  the  left  arm  and  bodj/,  the  /.’’ings 
being  folded  cs  st  rest.  temperatures  -.fere  recorded  at 
times  indicated  in  the  follov/ing  table. 

The  temperature  gradually  falls  from  9 aJ--. 
to  6 on  th  two  days  (I  and  II  Graphs)  that  food 

was  gi-'-en  as  indicated  by  the  (X)  on  the  gra,h.  The  m.ax- 
imiUni  diu‘’^nal  t ^miperaturee  on  the  day  when  no  food  was 
given  (III)  is  at  3 ?.?:.  and  ^ P.?:.,  the  m.inim.um  at  11 
A.l'.  and  9 P.X.  This  shows  that  feeding  tends  to  lo’wer 
the  tempera tur  : in  t''is  instance. 

After  exercise  (IV)  the  temperature  becom.es 
lower  from  11  A.”.  to  2 ^ IX  This  is  not  in  accordance 
with  the  diurnal  variation  noted  on  the  third  day  as  at 
t’-.is  period  then  - was  an  increr-se  in  tem.perature . 

Heat  causes  a marked  incresse  in  tem.per- 

ature which  v;as  followed  by  a rapid  decrease  to  a m.inim.ujn  . 
The  effect  of  the  heat,  gave  the  greatest  range  of  tem.- 
pe’'-ature  from.  109  degrees  m.aximum.  to  105.5  degrees  m.inim.umi. 
The  minimum  occurred  at  6 P.F.  and  showed  a decrease  of 
1.2  degrees  over  that  of  the  result  of  diurnal  variation. 

The  temperature  seem.s  to  r crease  after  feed- 
ing and  exercise.  Heat  causes  a rapid  increase  by  a 
micrked  decrea'-e 


rX^LANTATION  OF  GRAPH. 


Temperatures . 

Ordinates . - 

Degrees  Centigrade. 

10  mm.  spaces  equal  1 degree  (black  ink) 

Abscissas . - 

Tim.e  of  taking  tem.peratures . 

5 mm.  spaces  equal  1 hour. 

(X)  on  the  graph  shows  the  time  of  feeding,  tim.e 
of  exercise  and  tim.e  of  subjection  to  heat. 
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